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(71) We, SONY CORPORATION, 
a corporation organized and existing under 
the laws of Japan of 7 — 35 Kitashinagawa-6, 
Shinagawa-ku, Tokyo, Japan, do hereby de- 

5 dare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement: — 

10 This invention relates to semiconductor de- 
vices. 

According to the present invention there is 
provided a semiconductor device comprising: 
& Substrate^ of semiconductor material of 

15 one conductivity type having first and second 
opposed surfaces; 

a first region of the opposite conductivity 
type on the first surface of the substrate 
forming a first pn junction therewith; 

20 a second region of said opposite conduc- 
tivity type on or adjacent to the first surface 
of the substrate forming a second pn junction 
therewith which surrounds said first junction 
in predetermined spaced relation; and 

25 a third region of said opposite conductivity 
type on or adjacent to the second surface 
of the substrate forming a third pn junction 
therewith which faces said first region in pre- 
determined spaced relation therewith; 

30 said second and third regions being free of 
electrical connection; and 

the arrangement being such that the de- 
pletion layer associated in use with said first 
junction reaches said second and third junc- 

35 tions at a biasing potential across said first 
junction which is lower than that at which 
said first junction would, in the absence of 
said second and third junctions, break down. 
Embodiments of the invention can be made 

40 in planar form and have a much higher re- 
verse breakdown voltage characteristic than 
has previously been possible. 

The invention will now be described by 
way of example with reference to the accom- 
45 panying drawings, in which: — 

Figure 1 diagrammatically illustrates a 
prior art type of planar diode; 

Figure 2 is a fragmentary sectional view of 



a planar-type junction device forming an em- 
bodiment of the present invention; 50 

Figure 3 is a diagram of the current-volt- 
age characteristic of the device of Figure 2; 

Figure 4 diagrammaticaly shows a planar- 
type transistor embodiment; 

Figure 5 is a view similar to Figure 4, but 55 
showing a modification thereof; and 

Figures 6 to 9 are diagrammatic views of 
other embodiments, these embodiments being 
respectively a transistor, a gate controlled 
switch, a transistor and a gate controlled 60 
switch. 

Figure 1 of the drawings illustrates a prior 
art form of device such as that described in 
US Patent Specification No. 3,555,878. 
Specifically there is shown in Figure 1, a 65 
planar-type diode having a substrate 3 of 
semi-conductor material with n-type im- 
purity. Diffused into the upper surface of the 
substrate 3 is a p-type region 4 which forms 
a pn junction 5 with the substrate 3. It will 70 
be understood that the region 4 forms the 
anode and the substrate 3 the cathode of the 
diode. An anode electrode 9 is formed in 
contact with the region 4, while an phmic 
contact 10 is provided on the under surface 75 
of the substrate 3. A guard ring 6 of p-type 
material is also diffused into the upper sur- 
face of the substrate 3 around the main region 
4. There is no electrical connection to this 
guard ring 6, but it will be appreciated that 80 
a pn junction 5' formed between the guard 
ring 6 and the substrate 3. An oxide coating 
8 is preferably provided on the upper surface 
of the device, except the portion covered with 
the anode 9. 85 

When a negative voltage is applied to . the 
diffused region 4, the depletion layer 7 ex- 
tends from the region 4 and reaches the 
guard ring 6 at a voltage which is lower than 
the breakdown voltage of the main pn junc- 90 
tion 5. When a guard ring is provided for a 
planar device, the reverse voltage breakdown 
characteristic is improved because the 
curvature of the pn junction is moderated by 
the guard ring. 95 

The device of Figure 1 is inferior to a 
mesa-type device having a flat junction, inso- 
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far as its reverse volatge breakdown charac- 
teristic is concerned. Thus the potential E 3 
at an arbitrary point A (in Figure 1) is a 
composite of the potential E w due to the 
diffusion region 4, and the potential E nI due 
to the guard ring 6. As the voltage applied to 
the affusion region 4 increases, the potential 
difference between the region 4 and the tin* 
6 increases, and finally the device breaks 
down before the surface portion of the pn 
junction 5 breaks down. 
_ Que preferred embodiment of the present 
invention is shown in Figure 2. Here a sub- 
strate 11 or silicon with n-type impurity has 
diffused in the upper surface thereof a main 
region 12 of p-type impurity and a plurality 
of guard rings 14a, 14b and 14c of p-type 
rapumy spaced therearound. An auxiliary 
region 12 of p-type impurity is diffused in 
tne opposite surface of the substrate 11 This 
auxiliary region 12' is of larger diameter than 
tne mam region 12 for reasons which will 
hereinafter be made apparent. Also diffused 
into the lower surface of the substrate 11, are 
a. plurality of guard rings of p-type im- 
purity, W, 14b' and 14c'. These guard 
rings are spaced slightly laterally out4rdly 
wneroJing guard rings 14a, 14& 

sSfstrate 11* m UPPCr SUlfaCC 0f 

An anode electrode 15 is provided on the 
mam region 12 and a cathode electrode 2<i is 
provided as shown in Figure 2, which con- 
nects to the substrate 11 through a high i m - 

^ centra H°. n a+ K ® oa 19 - This is 
E?.^ an appropriate ohrnic 

contact of the electrode 24 with the substrate 

™t between the main region 12 

and the guard rings 14a to 14c are selected 
to be predeterauned values. The distance be- 
tween the region 12 and the region 12' has 
also a predetermined value. As will be 
apparent from an inspection, the auxiliary 
region 12' is designed to have its edge pS 
tm offset with respect to tl le main region 
12 (that is the reason auxiliary reaion 12' 

!*B« than the main region 12) The 
auxihary guard ring 14* is offset with respect 
SWi ft ^Ponding guard ring 14a. 

14c are offset with respect to the corres- 
ponding guard rings 146 and 14c respectively 
A oepletion layer 20 will extend from the 

am rscinn 1? .,,-,1 .1 i . .7 m T 
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region 12. Thus, the depetion layer 20 will 
expand from the main region 12 to the guard 
rings 14a to 14c and to the auxiliary guard 
rings 14a to 14^, hence the overall freak- 
down voltage becomes extremely high as is 
desired The total breakdown voltage V B is 
given by: 5 B 19 

V B =nV p +V 

where : 

V p is the punch-through voltage between 75 
the mam region 12 and the guard ring 14a 
or between the nearest guard rings: V is 
the breakdown voltage of the outermost 
guard ring; and jr is the number of guard 
nngs. 80 

By way of example, a device of this type 
might have the Mowing physical dimen- 
sions: 

n=15; 

diffusion depth X, of p-type imourity 85 

mto the substrate 11=30 microns'; 
thickness of the substrate 11=200 microns 

with a resistivity of 120 ohm-cm.; 
the distance W between the guard rings 

and between the main region 12 and the 90 

guard ring 14a=130 microns. 

With a construction having these charac- 
teristics and dimensions, the device of Figure 
2 will have the characteristic as shown in 
Figure 3. Here the breakdown voltage is 95 
about 7 kilovolts, which is superior to that 
ot a conventional mesa-type device ("the con- 
ventional mesa-type device usually beine 
about 3 kilovolts). 6 
Figure 4 illustrates a planar-type tran- 
sistor. In Figure 4 reference numerals 
similar to those of- Figure 2 indicate similar 
eiemems. Here the emitter is provided by an 
n+ diffused region 13' which has been 
duiused mto a p-type diffused base region 
U, which in turn has been diffused into the 
n-type substrate 11 to form a pn junction 
jc therebetween. The substrate 11, of course, 
fornB the collector. A guard ring 14a of n- 
type impurity is provided in the upper sur- 
face and is so formed that the depletion laver 
18 will reach the guard ring 14a first, and 
then reach the auxiliary region 16 of p-typs 
wnich has been diffused into the opposite 
surface of the substrate 11. An additional 115 
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U .J..T . Jr. lVBlw wwu. me potential 

*J2 Bnt . A F ^ rc 2 is a composite of 
three potentials, E ro due to the mam reaicn 
u., Bp, aue to the guard ring 14a, and E 
due to the auxiliary region 12'. ifi com- 

potennal B V9 due to the auxiliary region 12' 
SJE? tJZ^' , b ? rea ?°» *at the 



and 156 of p-type are provided to "snnouad 
me guard ring 146. Guard ring 14a is 
retovety clo ?e to the region 12, this distance 
bemg specmed in Figure 4 as L,. Guard 
ring 14& is separated from guard ring 14a 
by a similar distance L : . Guard ring 15a i 5 
separated from guard ring 14& by a much 
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La. Guard ring 156 is also spaced from 
guard ring 15a by a distance W 2 as shown 
in the drawing. The depletion regions are 
shown by the broken lines in Figure 4. The 

5 structure of Figure 4 has an n+ diffused 
region 19 to facilitate an ohmic contact 
through electrode 24 to the substrate 1L 
The emitter region 13' is provided with an 
electrode 25, as shown, and the base region 

10 12 is alsoprovided with an electrode 26, as 
shown. There are no electrodes to the 
auxiliary region 16, or to any of the guard 
rings. An oxide coating 27 is provided on 
the upper surface of the device, and an 

15 oxide coating 28 is provided on the lower 
surface of the device. Auxiliary guard rings 
17a and 176 of p-type are formed in the 
lower sufrace of the substrate 11 to surround 
the auxiliary region 16. 

20 Figure 5 shows a variation of the structure 
shown in Figure 4. Here the auxiliary region 
16 and the auxiliary guard rings 17a and 176 
are embedded in the substrate 11, The inner 
guard rings 14a and 14k surrounding the 

25 base region 12 are also embedded, as shown. 
The other features of Figure 5 are sub- 
stantially the same as those of Figure 4, so no 
further description will be given. 
( Figure 6 shows a transistor with guard 

30 rings 14a and 146 of p-type impurity formed 
in an n-type substrate 11, generally similar 
to the structure shown in Figure 4. Here, 
however, there is an intermediate region 116 
of p-type impurity embedded in the sub- 

35 strate 11 between the region 12 and the 
region 16 but spaced therefrom. This readily 
extends the depletion layer from the base 
region 12 to the region 16. In the example 
of Figure 6, the guard rings 15a and 156 

40 used in Figure 4 are dispensed with. 

Figure 7 shows a device somewhat similar 
to Figure 6, but in this case the device is 
a gate controlled switch. The device includes 
the same guard rings as in Figure 6, and 

45 the same intermediate region 116. In this 
example a p-type region 34 is formed in the 
substrate 11 and an electrode 34' is formed 
thereon. 

Figure 8 shows a transistor, the base 

50 region 12 of which includes a main portion 
12a immediately below the emitter 13' and 
a downwardly extending peripheral portion 
126. This further enables die depletion layer 
readily to extend downwardly to the auxiliary 

55 region 16, and makes the base-transport 
factor sufficiently high. The auxiliary region 
16 has two guard rings 17a and 176 sur- 
rounding it Two guard rings 14a and 146 
surround the base region 12 in the manner 

60 and for the reasons hereinabove described in 
connection with previous embodiments. 
Oxide coatings 27 and 28 are provided on 
the upper and lower surfaces of the device. 
Emitter electrode 25 is provided for the 

65 emitter region 13', while a'base electrode 26 



is provided for the base region 12. The 
collector region is provided with an electrode 
24 which connnects to the collector region 
through an n+ impurity region 29. 

Figure 9 is similar to Figure 8, except 70 
that it is a gate controlled switch as distinct 
from a transistor. This will be apparent from 
an inspection of the arrangement of the elec- 
trodes. 

In view of Section 9 of the Patents Act, 75 
1949, attention is drawn to our Patent No. 
1,078,273. 

WHAT WE CLAIM IS:— 

1. A semiconductor device comprising: 

a substrate of semiconductor material of 80 
one conductivity type having first and second 
opposed surfaces; 

a first region of the opposite conductivity 
type on the first surface of the substrate 
forming a first pn junction therewith: 85 
a second region of said opposite conductivity 
type on or adjacent to the first surface of 
the substrate forming a second pn junction 
therewith which surrounds said first junc- 
tion in predetermined spaced relation; 'and 90 

a third region of said opposite conductivity 
type on or adjacent to the second surface of 
the substrate forming a third pn junction 
therewith which faces said first region in pre- 
determined spaced relation therewith; 95 

said second and third regions being free of 
electrical connection; and 

the arrangement being such that the de- 
pletion layer associated in use with said first 
junction reaches said second and third junc- 100 
tions at a biasing potential across said first 
junction which is lower than that at which 
said first junction would, in the absence of 
said second and third junctions, break down. 

2. A device according to claim 1 wherein 105 
said third region is larger than said first 
region. 

3. A device according to claim 1 or claim 
2 wherein said second region has a larger 
outside periphery than that of said third 110 
region. 

4. A device according to claim 1, claim 2 
or claim 3 wherein a fourth region of said 
opposite conductivity type is formed on or 
adjacent to said second surf ace of said sub- 115 
strate forming a fourth pn junction therewith 
which surrounds said third pn junction in 
predetermined spaced relation thereto. 

5. A device according to claim 4 com- 
prising a plurality of said second regions and 120 
a plurality of said fourth regions respectively 
surrounding said first junction and said third 
junction. 

6. A device according to any one of the 
preceding claims comprising an inter- 125 
mediate region of the opposite conductivity 
type located between said first and third 
regions. 
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